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(54) Piezoelectric surface pressure input panel. 

@ An active matrix surface pressure input panel 
comprises a piezoelectric sheet (3) having elec- 
trode lines (3a,3b) formed thereon and coupled 
to a piezoelectric body (5) for vibrating the 
sheet at a given reference frequency. When an 
object having surface variations, such as a fing- 
ertip, is pressed against the sheet, correspond- 
ing underlying portions of the sheet vibrate at 
frequencies that differ from the reference fre- 
quency. The local vibration frequencies are de- 
tected by electrode lines applied to opposing 
sides of the sheet preferably in an X-Y grid, so 
that the relative locations of the sheet from 
where the detected signals emanate can be 
determined. The surface pressure input panel 
exhibits high definition over a relatively large 
detection area so that complicated surfaces, 
such as fingerprints, can be accurately detected 
and reproduced. 
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FIELD OF THE INVENTION 

This invention relates to surface pressure input 
panels generally and more specifically to a piezoelec- 
tric surface pressure Input panel suitable for detecting 
complicated surface contours and irregularities such 
as a fingerprint pattern. 

BACKGROUND OF THE INVENTION 

The inside surface of the fingertip has intricate 
contours that are unique to each individual. This has 
made the fingerprint pattern an important vehicle for 
identification, particularly for law enforcement pur- 
poses. To facilitate identification via fingerprints, ef- 
forts have been made to develop fingerprint detection 
devices capable of electronically mapping an individ- 
ual fingerprint pattern. Accurately mapping the con- 
tour of each person's fingertip, however, has proven 
to be a difficult and expensive task. This is because 
each fingerprint pattern is made up of a large number 
of convex portions, or ridges, separated by concave 
portions or grooves that generally extend in random 
directions over the fingertip. These ridges and 
grooves have minute dimensions, on the order of 
100uiri, making them difficult to detect. 

Conventional fingerprint detection devices gen- 
erally employ a surface pressure input panel that in- 
cludes a contact sheet that changes in some manner 
when it is engaged by the ridges and grooves of the 
fingertip. One such device comprises a conductive 
rubber sheet that undergoes local variations in con- 
ductivity when engaged by a surface with a pressure 
differential. Similar devices include a resistive film 
that varies in resistance with changes in surface pres- 
sure. These devices employ a means for detecting the 
changes in the contact sheet or film in order to elec- 
tronically map the contour of the fingertip. The detec- 
tion means, however, typically has difficulty detect- 
ing small pressure changes, particularly when a non- 
uniform pressing force is applied or the fingertip is 
contaminated with grease, sweat or the like. There- 
fore, these devices are often incapable of accurately 
detecting the small surface variations necessary for 
mapping the contour of a fingertip. 

Other fingerprint detection devices have attempt- 
ed to overcome this problem by employing piezoelec- 
tric thin films with MOS field-effect transistors to de- 
tect small surface variations (e.g, see Japanese Pa- 
tent Application Nos. Sho-62-2132, Sho-63-208734, 
Hei-3-287034 and Hei-5-61966). These devices, 
however, generally require complicated manufactur- 
ing techniques and relatively expensive materials, 
such as silicon semiconductor substrates. Although 
these devices can produce high definition, they are 
difficult to manufacture and, therefore, are very ex- 
pensive. Accordingly, manufacturing these devices to 
map a large detection area, such as a fingerprint pat- 



tern (which is very large compared to the size of the 
individual surface changes or irregularities) is not pre- 
sently feasible. 

5 SUMMARY OF THE INVENTION 

The present invention is directed to an inexpen- 
sive surface pressure input panel capable of detect- 
ing complicated surface contours such as a finger- 

10 print pattern. To accomplish this, the surface pres- 
sure input panel of the present invention comprises a 
piezoelectric sheet having electrode lines formed 
thereon which are coupled to an oscillator for vibrat- 
ing the piezoelectric sheet at a given reference fre- 

15 quency. When an object with surface variations is 
pressed against the sheet, corresponding deflected 
portions of the sheet will vibrate at frequencies that 
differ from the reference frequency. The sheet gen- 
erates electric signals which reflect local vibration f re- 

20 quencies. The electric signals are picked up by the 
electrode lines, which are preferably arranged in an 
X-Y grid, for detection of the generated signals and for 
determining the relative locations of the deflected 
portions of the sheet. 

25 Preferably, the piezoelectric sheet is configured 

to oscillate at frequencies that differ from the refer- 
ence frequency by an amount proportional to the 
pressure applied to predetermined portions or areas 
of the sheet. In this manner, the input panel can gen- 

30 erate a plurality of different electric signals that are 
representative of the varying degrees of pressure ap- 
plied by the object to the sheet, e.g., due to surface 
variations (ridges and grooves) of a fingerprint The 
electrode lines are preferably formed on opposing 

35 surfaces of the sheet and comprise first and second 
groups (e.g., X and Y) that intersect each other at in- 
tersection points to form a matrix pattern on the 
sheet This allows the generated signals to be corre- 
lated with the vibrating portions of the sheet from 

40 where the signals emanate so that a surface pressure 
differential corresponding to the contour of the object 
can be mapped and reproduced. 

In a preferred configuration, the piezoelectric 
sheet is oscillated by a piezoelectric body coupled to 

45 one surface of the sheet The piezoelectric body has 
a ceramic plate sandwiched between conductive 
films such that, when an electric current is applied 
across the conductive films, the body will oscillate at 
a particular frequency. The body is secured to the 

so sheet e.g. by laminating the two together, such that 
this frequency can be directly transmitted to the sheet 
for comparison with local vibration frequencies gen- 
erated at intersection points of the electrode lines as 
a result of pressure applied to the sheet. 

55 When installed, the pressure input panel of the in- 

vention is coupled to an electrically driven oscillator 
and X and Y direction switches. The oscillator applies 
a given oscillating frequency to the piezoelectric body 
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and the X and Y direction switches cycle through the 
groups of electrode lines so that a detection circuit 
can correlate the generated electrical signals with the 
location of the deflected sheet portions from which 
they emanate. A detection circuit compares the elec- s 
trical signals with the oscillating frequency to create 
difference signals, which are then appropriately proc- 
essed so that the contour of the fingerprint can be re- 
produced. Thus, the invention provides a relatively in- 
expensive surface pressure input panel that exhibits 10 
high definition over a relatively large detection area 
so that extremely complicated surfaces, such as fin- 
gerprints, can be accurately detected and repro- 
duced. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial exploded perspective view of 
a surface pressure input panel made according to 
the principles of the present invention; 20 
Figure 2 is a side cross-sectional view of the sur- 
face pressure input panel of Fig. 1; and 
Figure 3 is a block diagram of a fingerprint detec- 
tion circuit employing the surface pressure input 
panel of Figure 1 according to the present inven- 25 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

30 

Referring to the drawings, wherein like numerals 
indicate like elements, a surface pressure input panel 
1 constructed according to the present invention gen- 
erally includes a piezoelectric sheet 3 stacked onto a 
high frequency vibrating body 5 for oscillating the pie- 35 
zoelectric sheet at a given reference frequency. 

Referring to Figs. 1 and 2, piezoelectric sheet 3 
comprises a resin sheet 7, which may be made of any 
conventional, readily deflectable, piezoelectric mate- 
rial such as polyvinylidene fluoride, for example. First 40 
and second groups of parallel electrode lines 3a and 
parallel electrode lines 3b are arranged perpendicular 
to each other (i.e., X and Y lines) and they are formed 
on the upper and lower surfaces of resin sheet 7, re- 
spectively. The electrode lines intersect with each 45 
other to form intersection points 9 that will be used as 
detection points, as discussed below. The electrode 
lines are preferably constructed by forming, for exam- 
ple by vapor deposition, conductive films, preferably 
made of a highly conductive material such as alumi- so 
num or copper, on both sides of resin sheet 7 and 
etching the films to form orthogonal electrode lines 
3a, 3b. 

In a preferred configuration, the interval between 
adjacent electrode lines 3a and 3b is about 20 to 55 
150u.m. This provides a large number of detection 
points (intersection points 9) to ensure that relatively 
small elevation changes on the surface of an object 



do not occur between adjacent electrode tines, where 
they might not be detected It should be noted that the 
invention is not limited to the configuration described 
above and shown in Figs. 1-3. For example, electrode 
lines 3a, 3b could be oriented at angles other than 90° 
with respect to each other. In addition, electrode lines 
3a, 3b can have larger or smaller intervals between 
adjacent lines, if desired. 

The opposing surfaces of the piezoelectric sheet 
are covered by insulating layers 2 and 4. Layer 4 in- 
sulates piezoelectric sheet 3 from vibrating body 5. 
Insulating layer 2 is constructed of a material which 
readily deflects so that it will substantially conform to 
the contours and surface irregularities of an object 
that is pressed against it, such as the fingerprint pat- 
tern on the inside surface of a fingertip. Insulating lay- 
er 2 also protects the user's fingertips from the elec- 
trode lines and preferably comprises a conventional 
insulating material such as polyethylene terephtha- 
late (PET). 

Vibrating body 5 is preferably a piezoelectric cer- 
amic plate 5a sandwiched between upper and lower 
conductive films 5b and 5c. When a high frequency 
signal is applied across the ceramic plate from one of 
the conductive films to the other, body 5 will vibrate 
at a frequency (e.g., 1 Mhz) corresponding to the ap- 
plied signal. The vibrating body is suitably attached to 
piezoelectric sheet 3, with a thin layer of an insulating 
material such as PET therebetween, to form a unit 
and transmit the oscillations to the sheet so that the 
sheet vibrates at essentially the same frequency. It 
should be noted, however, that the invention is not 
limited to the piezoelectric body described above and 
other conventional vibrating bodies may be used to 
oscillate piezoelectric sheet 3. 

The pressure surface input panel of the present 
invention is particularly suitable fordetectingaf inger- 
print pattern on the inside surface of a fingertip F. To 
accomplish this, input panel 1 is connected to a de- 
tection circuit 20, as shown in Fig. 3. The entire de- 
tection circuit can be formed on the input panel or 
sheet 3 can be connected to a separately formed cir- 
cuit with connectors (not shown). In the preferred em- 
bodiment, electrode lines 3a are connected to an X di- 
rection selection switch 10 and lines 3b are connect- 
ed to a Y direction selection switch 11. The X and Y 
direction switches are configured to cycle through 
electrode lines 3a, 3b to receive the electrical signals 
from each individual intersection point 9 as discussed 
below. The output terminals of X and Y direction 
switches 10, 11 are connected to a differential ampli- 
fier 1 3 for amplifying the generated electric signals. 

An oscillator 12 is operatively connected to con- 
ductive plates 5b, 5c to apply a high frequency signal, 
preferably about 1Mhz, between the plates of vibrat- 
ing body 5, thereby causing the vibrating body to con- 
tinuously oscillate at this frequency, vibrating body 5 
will vibrate piezoelectric sheet 3 at generally the 
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same frequency output by the oscillator. Oscillator 12 
and differential amplifier 13 are each connected to a 
comparison circuit 14 for comparing the output of the 
X and Y direction switches with the frequency of the 
oscillator. s 

When fingertip F is pressed onto surface pres- 
sure input panel 1, insulating layer 2 deflects down- 
wardly and eventually touches piezoelectric sheet 3, 
thereby changing the electrical output of the touched 
portions of the sheet These touched portions will typ- w 
icalty vibrate at a lower frequency and amplitude than 
the reference signal. Because the ridge and groove 
portions of the fingertip have different surface eleva- 
tions, different pressing forces will act on sheet 3. 
Thus, the local vibration frequency of the piezoelec- 15 
trie sheet beneath each deflected portion of the insu- 
lating layer will vary depending on the amount of pres- 
sure applied to the underlying portion of sheet 3. A 
portion of insulating layer 2 located immediately un- 
der or near a ridge portion of fingertip F will undergo 20 
a relatively larger deflection and apply a relatively 
larger pressing force onto the underlying portion of 
the piezoelectric sheet which, therefore, will vibrate at 
a frequency that is notably less than the reference fre- 
quency. On the other hand, a portion of layer 2 locat- 25 
ed immediately under or near a groove portion of fin- 
gertip F will not deflect at all (or will only slightly de- 
flect) so that the frequency of the underlying portion 
of the piezoelectric sheet 3 will remain the same as 
the reference frequency or, if touched, will vary only 30 
slightly. 

To detect the degrees of pressure applied by the 
fingertip F to the piezoelectric sheet 3, X direction 
switch 10 sequentially switches or cycles through 
electrode lines 3a at a predetermined timing or f re- 35 
quency. Simultaneously, Y direction switch 11 syn- 
chronously cycles through electrode lines 3b at the 
same predetermined timing or frequency to pick up 
the electrical signals generated by the piezoelectric 
sheet as a result of its excitation by vibrating body 5 40 
and sequentially transmit them to differential ampli- 
fier 13. In one embodiment, Y direction switch 11 cy- 
cles through all electrode lines 3b while X direction 
switch is locked onto a given electrode line 3a. This 
process is repeated for each electrode line 3a so that 45 
the detection circuit can determine the relative loca- 
tion of the electrical signals generated by piezoelec- 
tric sheet 3. Of course, this procedure can be re- 
versed (i.e., X direction switch 11 cycles through elec- 
trode lines 3a while Y direction switch is locked onto 50 
a given electrode line 3b). 

The electric signals correspond to the local vibra- 
tion frequencies of the deflected portions of piezo- 
electric sheet 3. Following amplification of the sig- 
nals, they are transmitted to comparison circuit 14. ss 
The comparison circuit computes the difference be- 
tween the electrical signals and the reference fre- 
quency from oscillator 12. This difference will gener- 



ally be proportional to the pressure applied by the sur- 
face contours of fingertip F to each respective de- 
flected portion of layer 2. A detector or processor (not 
shown), coupled to comparison circuit 14, uses con- 
ventional signal processing to determine the frequen- 
cy difference at each intersection portion so that a 
surface pressure differential, corresponding to the 
fingerprint pattern of fingerprint F, can be computed 
and correlated to the locations from which the signals 
emanate. 

The following example is merely illustrative of the 
present invention and is not intended to limit the sur- 
face pressure input panel disclosed herein. Oscillator 
12 generates a signal having a frequency of 1MHZ 
and oscillates vibrating body 5 and piezoelectric 
sheet 3 at this reference frequency. A fingertip F is 
pressed onto surface pressure input panel 1 so that 
insulating layer 2 deflects downwardly and eventually 
touches portions of piezoelectric sheet 3. Typically, 
the portions of piezoelectric sheet 3 underneath a 
groove or concave portion of the fingertip will not be 
touched by the insulating layer. Therefore, the fre- 
quency of these portions will remain at 1MHZ and the 
comparison circuit will output a difference signal of 
zero since the local vibration frequencies of these 
portions are equal to the oscillator's reference fre- 
quency. 

The portions of piezoelectric sheet 3 underneath 
a ridge or convex portion of the fingertip, however, 
will typically be touched by the insulating sheet. 
These portions will receive varying amounts of press- 
ing pressure, depending on the height and contact 
area of the ridge, for example, and the local vibration 
frequencies at these portions will be decreased in a 
particular instance, for example, to 99980 Hz. The 
comparison circuit will output 20 Hz and this output is 
correlated with the intersection point where the con- 
vex portion of the fingertip pressed against the pie- 
zoelectric sheet. In this manner, it can be determined 
whether a convex or concave portion of the finger- 
print presses against each intersection point 9. By cy- 
cling through all of the intersection points, the ar- 
rangement of the concave and convex portions of the 
entire fingerprint can be detected and the sensed fin- 
gerprint can be reproduced. 



Claims 

1. A surface pressure input panel for detecting sur- 
face irregularities in an object comprising: 

a pressure sensitive sheet having first and 
second groups of electrode lines formed thereon 
and intersecting with each other to form intersec- 
tion portions; and 

an element coupled to the sheet for vibrat- 
ing the sheet at a given reference frequency, the 
sheet vibrating locally at frequencies that differ 
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from the reference frequency when the surface 
irregularities of the object are pressed against 
corresponding portions of the sheet, the sheet 
being adapted to generate electric signals that 
represent the local vibration frequencies and to 
apply the electrical signals to the first and second 
groups of electrode lines so that a relative loca- 
tion of each generated electrical signal can be de- 
termined. 

2. The input panel of claim 1 wherein the pressure 
sensitive sheet is a piezoelectric member com- 
prising a resin plate with the first and second 
groups of electrode lines formed on opposing 
surfaces of the sheet. 

3. The input panel of claim 1 wherein the element is 
a high frequency vibrating body adapted to vi- 
brate at the given reference frequency when an 
electrical signal is applied to the body. 

4. The input panel of claim 3 wherein the high fre- 
quency vibrating body is a piezoelectric body 
comprising a ceramic plate disposed between 
first and second conductive surfaces. 

5. The input panel of claim 1 wherein the local vibra- 
tion frequencies differ from the reference fre- 
quency by an amount proportional to the pres- 
sure applied by the surface irregularities of the 
object against corresponding portions of the 
sheet. 

6. The input panel of claim 1 wherein the first and 
second groups of electrode lines form an x-y grid. 

7. The input panel of claim 1 wherein the electrode 
lines of each group are substantially parallel and 
spaced approximately 20-150 um from each 
other. 

8. The input panel of claim 1 further including an in- 
sulating film on a surface of the piezoelectric 
sheet, the film being adapted for receiving a fin- 
gertip having an inside surface with contours and 
to deflect generally in conformity with the con- 
tours when the inside surface of the fingertip is 
pressed against the film. 

9. The input panel of claim 1 further including an in- 
sulating layer disposed between the piezoelec- 
tric sheet and the element to insulate the sheet 
from the element, the sheet, layer and element 
being laminated together. 

10. An apparatus for use in mapping physical surface 
irregularities of an object, the apparatus compris- 
ing: 



a piezoelectric sheet adapted to generate 
electric signals at a multiplicity of areas distribut- 
ed over the sheet the signals representing local 
vibration frequencies at the areas of the sheet; 

5 means for vibrating the piezoelectric sheet 

at a given reference frequency; and 

detecting means for use in sensing the sig- 
nals and determining the relative locations of the 
areas where the electrical signals are sensed; 

10 whereby the local vibration frequencies 

differ from the reference frequency when pres- 
sure is applied to corresponding portions of the 
piezoelectric sheet so that the surface irregular- 
ities can be mapped on the basis of the generated 

is electrical signals and the relative locations of the 
corresponding portions of the sheet. 

11. The apparatus of claim 10 wherein the detecting 
means comprises first and second groups of 
20 electrically cond uctive lines which intersect each 

other at the areas, the first and second groups of 
lines being formed on opposing surfaces of the 
piezoelectric sheet 

25 12. The apparatus of claim 10 wherein the first and 
second groups of lines are substantially perpen- 
dicular with respect to each other and define an 
x-y grid of lines. 

30 13. The apparatus of claim 10 wherein the vibrating 
means is a piezoelectric body adapted to vibrate 
at the reference frequency when an electrical sig- 
nal is applied to the body, the body being coupled 
to the sheet such that the reference vibration fre- 

35 quency is transmitted to the sheet. 

14. The apparatus of claim 13 wherein the piezoelec- 
tric body comprises a ceramic plate having op- 
posing first and second conductive surfaces, the 

40 body vibrating when an oscillating signal is ap- 

plied to the conductive surfaces. 

1 5. An apparatus for use in mapping physical surface 
irregularities of an object, the apparatus compris- 
es ing: 

a touch panel including a piezoelectric 
sheet, first and second groups of electrode lines 
on opposed, first and second surfaces of the pie- 
zoelectric sheet forming intersection portions 

so where the electrode lines of the first and second 

groups cross, the sheet being adapted to gener- 
ate electric signals at the intersection portions 
that represent local vibration frequencies of the 
sheet and to apply the generated electric signals 

55 to the electrode lines, and an element coupled to 

the sheet for vibrating the piezoelectric sheet at 
a given reference frequency, whereby the local 
vibration frequencies differ from the reference 
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frequency when pressure is applied to corre- 
sponding portions of the sheet; 

an oscillator operatively coupled to the 
element for vibrating the element at the reference 
frequency; and s 

a detection circuit operatively coupled to 
the first and second groups of electrode lines for 
sensing the generated electric signals and deter- 
mining the relative locations of the intersection 
portions where the signals are generated and 10 
thereby enable a reconstttution of the surface ir- 
regularities of the object 

16. The apparatus of claim 15 further including x-y 
direction switches coupled to the first and second is 
groups of electrode lines, respectively, for cycling 
through the electrode lines to transmit the gener- 
ated electric signals at each intersection portion 

to the detection circuit 

20 

1 7. The apparatus of claim 1 5 wherein the element is 
a piezoelectric body. 

18. A method for detecting a fingerprint pattern from 

a fingertip comprising the steps of: 25 

vibrating a piezoelectric sheet at a given 
reference frequency; 

pressing the fingertip against the sheet 
such that surface contours on the fingertip sub- 
ject portions of the sheet to differing pressures to 30 
generate local vibration frequencies at the sheet 
portions which are responsive to the applied 
pressures; 

detecting the local vibration frequencies; 
and 35 

determining a relative location of the sheet 
portions where the local vibration frequencies 
are detected; 

whereby the fingerprint pattern can be re- 
created by correlating the local vibration f requen- 40 
cies with the relative locations of the sheet por- 
tions. 

19. The method of claim 18 wherein the generating 
step comprises the step of generating local vibra- 45 
tion frequencies which are proportional to the 
amount of pressure applied to the sheet portions. 

20. The method of claim 1 8 including the step of com- 
puting a difference between the given frequency so 
and the local vibration frequencies. 
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